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[5 1 7 ABSTRACI- 

1,3,4-Oxadiazoles of the formula 

are prepared by cyckation (dehydration) of the corre- 
sponding diacylhydrarines of the formula 
R IC(O)NHNHC(O)R~ with phosphorous pentachlo- 
fide or phosphorous oxychloride wherein RI is 
-Cf2CF2CF2SF5, --CF~CF~SFS, or -CH2SF5 and 
R2 is --CH2CH2C(N02)3, -CH2CH2C(N02)2F, 
--CF~CF~CFJ, -CFzCF3, -CF;, or --CHzSF_s. The 
compounds are useful as pksticiters. 

8 Chims, KoBrawings 
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1,3,44XADIAZOLES cOhTAISI%G THE DETAILED DESCRIPTIOX OF THE 
PEhTAFLUOROTHIO (SF$ GROUP PREFERRED EMI3ODIMENT 

This invention relates to plasticizers and more partic- 
ularly to energetic plasticizers for plastic bonded explo- 
sives* 

5 These energetic 1,3+oxadiazole compounds uf this 
invention may be represented by the formula 

A number of new fluorinated binders [for example, 
pemuoroalkyl po!yformals as desctibed by I-I. G. 
Adolph and J. M. Goldwasser; U.S. Pat. No. 4,740,579 
(1988) and U.S. Pat. No. 4,740,628 (lPas)] have recentlv 
become available and energetic formulations that co;- 
tain these new fluorinated binders along with nitro ox- 
idizers/explosives (HMX, for example) have been pre- 
pared. These new highly fluorinated binders exhibit 
quite differem chemical properties compared to the 
nitro oxidizers/explosives. Because of these differences 
in properties, the usual nitro plasticizers (FEFQ, NG, 
TMETN) used in the formulations are attracted toward 
the nitro oxidizer/explosive and not the fluorinated 
binder. These differences in the attraction of the nitro 
plasticizer for the binder and oxidizer can cause the 
plasticizer to migrate during storage of the formula- 
tions. US. patent application Ser. No. 07/901,62 1, now 
U.S. Pat. No. X241,071 filed dn Jun. 15, 1992 by Mi- 
chael E. Sitzmann (identical to the current inventor- 
ship) discloses 2-polynitroalkltll-5-pernuoroalkyl-l,3,4- 
oxadiarole plasticizers which solve the migration prob- 
lem. 

It would be desirable to provide low melting p&G- 
cizers which do not migrate in fluoropolymer/nitroex- 
plosive composites and which possess low melting 
points but which have 3ower volatilities but greater 
densities and energies than the 2-polynitroa~kyl-S-per- 
fluoroa1kyL f ,3,4*oxadiazoles. Moreover, it would be 
desirable to provide plasticizers which possess the gen- 
eral properties (such as low melting points) of conven- 
tional fluoroplasticirers but which are less volatile and 
more dense and energetic than the conventional fluoro- 
plasticizers. 

N 
ii-r; 

10 RI-C 
\ / 

C--R2 

0 

wherein RI is SF5CF2CF#+, SF$ZF2CF2--, or 
15 SFsCH2-, and R2 is --a?Q-J$3NQ;)3, 

-CH2CH2CF(NU2)2, --C&SF5 -CFzCFzCF3, 
-CFzCFj, or -CFj. 

Specifically the preferred energetic 1,3,4-oxadiazole 

20 compounds are: 
(1) I-(3-pentafluorothioperfluoropropyl)&(3,3,3- 

trinitropropyl)- 1,3,4dxadiazole, 

25 N- N 
II II 

SF$FJCFJCF~-C 
\ / 

C--CH2CH$w03)3; 
0 

30 (2) 2-(2-pentanuorothioperfluoroethyl)-5-(3,3,3-trini- 
tropropyl)-I ,3,4-oxadiazole, 

(3) 2-(3-pentafluorothioperfluoropropyl)-5-(3-fluoro- 
4o 3,S=dinitropropyl)- 3,3,4-oxadiazole, 

Accordingly. an object of this invention is to provide 
neHi energeric plasticizers. 

Another object of this invention is to provide neu 
energetic plasticizers that are attracted to both nitro 
compounds and fluoro compounds. 

A further object of this invention is to provide ener- 
getic fluoroplasticizers with lowered volatility. 

Still another object is to provide energetic plasticizers 
with greater density and thus greater energy content, 

These and other objects gf this invention are accom- 
plished b>* providing: 

. N-h 
il II 

45 SF$F2CF2CF2-C C-CCH2CH2CF(N02j;: 
\ / 

cl 

50 3T 
(4) 
3-dini 

&OfO- 

tropropyl)- 1,3,4+xadiazole, 

energek I ,3,4-oxadiazoies of the formula (5) 2-(3-pentafluorothioperfluoropropyl)-5-(e~~a- 
IIuorothiomethyl)- I ,3,4-oxadiazok 

60 

ufherein RI is SF~CF~CFJCF~---, SF$ZF$ZF~--, or 
SFCK-. and RI, is -CH2CH:C(N02)~. -CI+CHCF- 
(NO+. 
--CF;. 

-CHrSFs, -CF2CF2CF3, --CFzCFj, or uoroeth> (6) 2-(2-pentafluorothjoperfl 
fluorothi omethvl)- 1 .X4-oxadiazole. 

I)-S-ipenta- 
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(7) ~-(pentafluorothiorne~~~~)-5-(3.3,3-trinitro- I 
propyl)- 1,3,4-oxadiazole, 

IO 

(8) 2-(penraDuorothiomethyl)-5-(3-fluoro-3,3-dinitro- 
propyl)- 1 J,4-oxadiazole, 

(9) 2-(pentafl 
1 J+oxadiazole, 

uorothiomethyl)-5-(peril uoropropyl)- 25 

W) 2-(pentafluorothiometh?rl)-5-(perfluoroethyl)- 
1,3+oxadiatoIe, 35 

(1 I) 2-(pentaff uorothiomethyl).5-(t~~~Qromethy~)- 
I ,3,4-oxadiazole. 

45 

50 
The 1,3,4-oxadiazoles (I) through (11) can be pre- 

pared by cyclization (dehydration) of the correspond- 
ing diacylhydrazines (1A) through (17A), respectively. 
Specifically the diacylhydrazines are: 
(1A) N-(4-pentafluorothioperfluorobutyryl)-N’-(4,4,4- ” 

trinitrobutyryl)hydrazine, 
SFsCF2CF2CF2C(O)NHNHC(O)CH2CH2C(N02)3; 

fW N-(3-pentafluorothioperfluoropropionyl)-lt”- 
(4.4.4-trinitrobutsry~)hvdrazine, 
SFrCF2CF2ClOjNHNHC(O)C~~C~~C~~~~)~; 

a 

(3~4) ~-(4,pentafluorothioperfluorobutyryl)-N’-(4- 
fluoro-4.4tdinitrobu~~ryl)hYdrazine. 
SFsCF1CF2CF2C(Q)NHNHCCO)CH~CH~CF- 
(NO? 1:; 65 

C4Al Et’-(3-pentafluorothioperfluoropropionyl)-N’-(4- 
fluoro-4.4-dinitrobul4’r’l)h_vdrazine. 
SF~CF;ICF~C(O)NHN~C(O)C~~CH~CF~~~~); 

4 
(5A) N-(4-pentafluorotfiioperfluorobutyryl)-N’-@enra- 

fluorothioacetyl)hydrazine, 
SF5CF2CF2CF,,C(O)~H~~C(O)CH2SF~; 

(6A) ru‘-(3-pentafluorothioperfluoropropionyl)-N’-(pen- 
tafluorothioacetyl)hydratine, 
SF5CF2CF2C(0)NHKHC(O)CH2SF5; 

VA) N-@entafluororhioacetvl)-h”-(4,4.4-trini- 
trobut yryl)hydrazin e, SF5&2C(0)NHNH- 
C(O)CH~CH2C(No2)3: 

(8A) N-(pentafluorothioacetvl)-N’-(4-fluoro-4,4-dini- 1 
trobutyryl)hydrazine, SF5CH2C(O)NHNH- 
C(Q)CH2CH2CF(N02)2; 

(9A) N-Cpentafluorothioacetyl)-N’-@erfluorobutyryl)- 
hydra&e, SF$H~C(O)NHNHC(O)CF~CF~CFJ; 

WA) N-@entafluorothioacetyl)-N’-(perfluoropro- 
pionyl)hydrazine, SF5CH&(O)NHNH- 
C(Q)CFzCHj; and 

(11A) N-(pentafIuorothioacetyl)-N’-(trifluoroacetyl)hy- 
drazine, SF~CW~C(O)WGWC(O)CF~. 
For diacylhydrazines (1A) through (4A) where the 

pentafluorothioacetyl group, SF5CH2CO), is absent, 
the cyclization (dehydration) can be achieved by reflux- 
ing the selected diacylhydrazine either with phospho- 
rous pentachloride, PC15, in a suitable solvent such as 
1,2-dichloroethane, CICH2CH$ZI, or with phosphorous 
oxychloride, POC13. However, refluxing the diacylhy- 
dsazines (5A) through (A), which contain a penta- 
fluorothioacetyl group, with phosphorous pentachlo- 
ride produces the dichloride rather than the desired 
3,3,4-oxadiazoles (5) through (11). Example 16 illus- 
trates this problem. Therefore, the diacylhydrazines 
(SA) through (1 IA) must be refluxed with phosphorous 
oxychluride to produce the desired 1,3+oxadiazoles (5) 
through (11) (See examples 10, 12, 14, and especially 
16). Further details of the process are illustrated in the 
examples. 

The diacylhydrazines (1A) through (I IA) can be 
prepared by reacting equal molar amounts of a monoa- 
cylhydrazine that is 
(CI) N-(4-pentafluorothioperfIuoroburyryl)hydrazine, 

SF~CFZCF~CF~CO)~HS~~~ 
(C2) N-(3+entafluorothioperfluoropropionyl)hydra- 

zinc, SFsCF2CF2CO}NHXH2; 
((3 h’-(pentafluorot’nioacetyl)hydrazine, 

SFsCH2C(O)NHNH2; 
w h’-(perfluorobut!rryl)hydrazin-e, 

CF$ZFpCF2C(Q)NHh’H2; 
(W N-(perfIuoropropionyl)hydrazine, 

CFJCF~C(O)NHNH~; or 
(Cd): N-(trifluoroaceryl)hydrazine: CFj(U)NHNHz, 

with an acid chloride that is, 
(Dl) 4,4,4-trinitrobutyryl chloride, C(N02)3CH2CH2. 

C(U)Cl; 
P2) 4-fluoro-4.4-dinitrobu~~r~l chloride, 

CF(N02)2CH2C&QO)Cl; or 
(D3) pentafluorothioacetvl chloride, SFQ-I2C(U)C1, I 

in the presence of pyridine. 

Table 1 summarizes the monoacylhvdrazine and acid 
chloride which can be used to prdduce each of the 
desired diacylhydrazines (1 A) through (1 IA). 

TABLE I 
Product Reactants 

diacylhydrazine monoac? Ihjxirazme acld chloride 

IA Cl Dl 

ZA CL Dl 
3A Cl D2 
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TABLE 1 -continued 

Product Reactants 
diacylhydrarine monoacyihydrazine acid chloride 

4A Cl D2 
5A Cl D3 

5 

6A c2 D3 
7A c3 DI 
8A C3 D2 
9A c4 D3 

1OA cs D3 
31A C6 D3 10 

Equal molar mounts of the monoacylhydrazine and the 
acid chloride are dissolved in a suitable solvent such as 
&ethyl ether at roum temperature. Pyridine is slowly 
added to the solution until the molar amount of pyridine 
slightly exceeds that of the monoacrylhydrazine and 
acid chloride. Details of the process are illustrated by 
examples 3, 5, 7, 9, 11, 13, 15, and 17, 

A method for preparing mono(acryl)hydrazines such 
as Nl(perfluorobutyryl)hydr~ine, 
CFJCF~CF~C(O)NHN&, by treating esters 
[R/Z(O)OR] with hydrazine, has been reported [H. C. 
Brown, M. T. Cheng, L, J. Parcell, and D. Pilipovich, 
J. Org. Chem., 26,407 (1961)]. The previously unknown 
compounds, N-(4.pentanuorothioperfluorobutyry~)hy- 
drazine (see example 1) and P;-(3-pentaRuorothioper- 
flu~ropropionyl)hydrazine (see example 2) were pre- 
pared similarly in good yields but numerous attempts to 
prepare SF5CF2C(O)NHNH2 from S.FsCF$(O)OCH3 
gave only decomposition reactions instead of the de- 
sired mono(acyI)hydrazine. Significant decomposition 
occurred during a similar reaction to produce N-(penta- 
fluorOthioacetvl)hvdrazine. However, although M- 
(pentafluorothioacktyl)hydrazine was not isolated in the 
pure state from this reaction, it was successfully con- 
densed with an aoyl halide (see example 15). N-(penta- 
fluorothioacetyl)hvdrazine could not be prepared from 
SF$ZFzC(O)Cl and hydrarine, a reaction which 
yielded mainly the bis(acyl)hydrazine: bis(pentafluoro- 
thioacetyl)hydrazine (see example 19). 

The preparation of perfluoroacyl hydrazines, 
CF3(CF&C(d)NHN&, have been described by H. 
C. Brown et al., J~amolo~Orgam’c Chemistry, 26( I I)-, P. 
4407 (I 961), herein incorporated in its entirery. Their 
prucedures were repeated t0 produce 
CF3CF2C(=O)NMW: and 
CF3CF$X;!C(=O)IWNH2. For CF_1(C=O)NHNH2, 
they report a melting point of 143”-144” C. but this is 
apparently an error. The melting point for this com- 
pound was found to be 42”-43” C. and was prepared as 
follows: To 4.5 g (0.032 mole) of ethyl trif’luoroacetate 
stirred in an ice bath was added 1.0 g (0.032 mole) of 
anhydrous hydrazine (95% min) in 3 mL of methanol. 
After 16 hours at room temperature, methylene chlo- 
ride (15 mL) HAPS added and the volatiles were removed 
by distillation (bath temperature was eventually raised 
to 100” C+ and held until distiHation stopped). After 
cooling, 30 mL of methylene chloride was added and 
the mixture was stirred to produce an insoluble solid. 

15 

20 

25 

30 

35 

43 

45 

50 

55 

The solid (mp 128”-133’ C.) was removed and the fil- 60 
trate was cooled to - 20” C. to give 1,7 g, mp 35”-38” C. 
RecrystaIlization from methylene chlclride gave I.1 g of 
~-(rrifluoacetyl)hydrazine, mp 42’43” C. 

The 4,4.4-trinitrobutyryl chloride (Chemical Ab- 
stract Number 36638-M-53 starting material was pre- 65 
pared by refluxing 4,4.4-trinitrobutyric acid with an 
excess of thionll chloride for 20 hours before the mix- 
ture was concentrated in vacua and the product dis- 

6 
tilled a~ taught by Marvin H. Gold, et al. in an article 
titled, “Preparation of Aliphatic gem-Dinitro 
Monoisocyanates and Derkatives,” Jourmd of Organic 
ChemiW3J (1962), vohlme 27, pages 334-335, at page 
334, column 2, herein incorporated by reference in its 
entirety . 

The 4-fluoro-4,4-trinitrobutyryl chloride starting ma- 
terial can be prepared in a similar manner. 4-Fluor&& 
dinitrobutyric acid is added in portions with stirring to 
an excess of thionyl chloride at I$“-20” C. The homoge- 
nexus solution formed is then heat slowly to b&ing 
where it is kept for about 2 hours. The excess thionyl 
chloride is then distilled off. The 4-fluoro+=trinitrobu- 
tyryl chloride product is then distiiled off under vac- 
uum. This procedure was taught by L. T, Eeremenko et 
aI+ mtesr~y~ Ahdemil Nuuk SSR, Senja Khimicheskap 
No. 6, pp 1331-1336 June, 1969. 

A method of preparing pentafluorothioacefyl chlo- 
ride, SFsCH2COC1, is disclosed in example II, column 
5, of US+ Pat. No. 3,102,903, which is herein incorpo- 
rated by reference in its entirety. 

A number of 1,3+oxadi;izoles, containing perfluoro- 
alkyl [CF3(CF2),] and polynitroalkyl groups, were rem 
~mtly disclosed in U.S. patent application Serial No, 
071’901,623, now U.S. Pat. No. 5,214,189 filed on Jun. 
1 S, 1992 by Michael E. Sitzmann for use as energetic 
plasticizers in formulations containing nitro oxidizers 
and fluorinated binders. The substitution of an 
SFs(CF2)n group for CFf(CF& in these oxadiazoles 
will generally produce little change in the melting 
points (see Table 2). This suggests that tile SFs(CF& 
compounds 

TABLE 2 
Comparison of the Melting Poinu of 1,3,4+xadiaroles, 

RlR2(C2&0), for R 1 = SF5(CF2)2 
vs. RI = CF;fCF2h 

RI R2 m.p. “C. 

SWZh CH~CH~Q’NO~)JF 22 
CF$CF2)2 CH:CHQ502)2F 21 
SFsrCF2)2 CH2SF: 27 
CF3(CFh CHlSF: 28 

This suggests that the SFs(CF& compounds will be 
simiiar to the CFJ(CF2)n compounds regarding their 
use as energetic plasticizers. However, the SF5 materi- 
als will offer an advantage in that they will be less vola- 
tile (compare the boiling points of SFsCFzC02l-I and 
CF$F$ZU# [We C. and 98” C., respectively]). In 
addition, the SFs(CFz),, compounds will have higher 
densities which is an advantage since detonation pres- 
sure is related to the quare of t)le density. As UI exam- 
ple, 2-(2-penrafluorothioperfIuorwthyl)-5-(3-fIuoro-3,3- 
dinitropropyl)- 1,3,4-oxadiazole (4) [R I= SF5(CFz)z and 
RI= CH~CHZC(NO~)~F] has a calculated density of 
1.76 g/cc (actual liquid density measured to be 1.80 
g/cc) which is significantly higher than the density 
(1.59 g/cc) calculated for the analogous perfluoroalkyl 
compound [R l = CFJ(CF)I and 
R2 = C&CH2C(NQ&Fj. The densities are calculated 
according to D. A. Cichra. 3. R. Holden and C. 
Dickinson in “Estimation of Nomad Densities of Ex- 
plosive Compounds from Empirical Atomic khmes.” 
Naval Surface Warfare tinter, WWC TR 79-273, 
Silver Spring, Md., Februarv 1980. 

Furthermore, comparison* of S-F and G-F bond 
energies (79 and 107 kcal/mole, respectively) indicates 
that the SF5(CF& oxadiazoles will pr~ide more en- 
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ergy than the similar CF3(CF2), materials, particularly 
in metalized compositions (for example. AI-F bond 
energy - - 158 kcal/mole). In other words, conversion of 
S-F to Al-F will be more exothermic than a similar 
conversion of C-F to Al-F. 

The general nature of the invention having been set 
forth, the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 
susceptible to various modifications that will be recog- 
nized by one of ordinary skill in the art. 

EXAMPLE 1 
N-(4-Pen~nuorothioperfluoroburyryI)hydrazine (Cl) 

Crude 4qentafluorothiobutyric acid was purified by 
treating an ether solution with pyridine to give the 
pyridine salt as an insoluble solid, mp 102°11040 C. 
Methvl Q-pentafluorothioperfluorobutyrate was formed 
by ad&g 9.0 g (0.0224 mole) of the pyridine saft to 9 ml 
of concentrated sulfuric acid stirred at 0” C., then add- 
ing 4.5 ml of methanol and heating the mixture at 
80”-85” C. for 40 minutes. The cooled mixture was 
poured onto ice, and the aqueous mixture was extracted 
with diethyl ether. The ether extract was washed with 
water, then dried over MgS04 before the volatiles were 
removed+ The residue which IH IVMR (CDC13) showed 
to be essentially pure methyl ester (OCH3 at 4.10 ppm) 
was stirred at 0” C. while 0.75 g (0.0234 mole) of hydra- 
zinc in 8 ml of methanol was added. After 2 hours at 25” 
C., the volatiles were remuved and the residue was 
stirred with water to @e 6.45 g (86%) of insoluble 
solid, mp W-83” C. Crystallization from dichloroeth- 
ane gave 5,8 g (77%) of N-(4-pentafluorothioperfluarol- 
butyryl)hydrazine, mp 85”.86” C.; IR (KBr): 3360 
(NH), 1700 (c=o), 1225-l 140 (CF), 925-800 (SF5). 
Anal. Calcd. for C&F]&OS: C, 14.29; H, 0.90; F, 
62.18; N. 8.33; S. 9.54. Found: C, 14.25; H, 0.87; F, 
62.08; N, 8.39; St 10.20. 

EXAMPLE 2 
N-(30PentafluorothioperfluoropropionyI)hydrazine 

W) 
TO 5.0 g (0.016 mole, 85% pure bv 19F NMRj of 

propyl 3-pentafluorothioperfluoroprop~onate stlrred at 
0” C. was added 0.51 g (0.016 mole) of hydrazine in 4*5 
ml of methanol. After 3 hours at 25” C., dichlorometh- 
ane (20 ml) was added and 0.1 g of insoluble solid was 
removed by filtration. The volatiles were removed from 
the filtrate (under reduced pressure) to give 4.4 g of oil 
which was extracted with 3 x 15 ml of warm dichloro- 
methane (approx. 0.5 g of oil remained insoluble). The 
combined dichloromethane extracts were cooled to 
-20” C. to give 2.0 g (53%) of N-(3-pentafluorothi- 
operfluoropropionyl)hydrazine, mp W-68” C. Recrys- 
takation from dichloron?ethane yielded 1.8 g, mp 
W-70” C.; IR (KBr): 3320 (NH), 1725, 1705 (c---O), 
1190-r 135 (CF), W-820 (SF& 

EXAMPLE 3 

P 

N-(4-Pentafluorothioperfluorobutyryl)-N’-(nj- 
trobutyryljhydrazine (IA) 

Pyridine (0.3 ml. 0.0038 mole‘) was added drqkse 10 
a mixture of 0.8 p (0.0033 mole) of 4.4,4-rrinitrobutyr~.l 
chloride and I .0 g (0.0030 mole) of N-(4-pentafluorothi- 
operfluorobutyryl)hydraz~ne in 25 n-J of diethyl ether 
stirred at 25” C. After 20 minutes, dilute hydrochloric 
acid was added and the ether layer was separated Dry- 
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8 
ing (NazS@), removal of volatiles and stirtinp the resi- 
due with water gave 1.45 g, mp 138”~143” C. Crystalli- 
zation from 1,2=dichloroethane produced 1.05 g (65%) 
of N-(4--pentafIuoruthioperfluorobutyry~)-N’-(4,4,4m 
trinitrobutyryl)hydrazine, mp 153”- 155” C.; 1I-I NMR 
(acetone-d&&Q: 2.95 (t, 2H), 3.83 (t? 2H); IR (KBr) 
3250 (NH), 1740, 1670 (c---o), 1240-1115 (CF), 
890-790 (SFs). Anal. C&d. for C&FI$J$D& C, 
17.75; H, 1.12; F, 38.62; N, 12.94; S, 5.92. Found: C, 
18.00; H, 1.18; F, 38.44; N, 32.73; S, 64%. 

EXAMPLE 4 

2-(3-PentafluorothioperfIuoropropyl)-5-(3,3,3k.nitro- 
propyl)- t,3,4-oxadiazole (1) 

N-(q,PentafluorothioperfZuorobutyryl)-N’~4,4,4- 
trinitrobutyryl)hydrazine (0.45 g, 0.83 mmole) and 
phosphorus pentachloride (0.65 g, 3.1 mmole) in lJ1 
dichloroethane (6 ml) was held at reflux for 4 hours 
before the volatiles were removed. The residue was 
stirred with water before it was extracted into dichloro- 
methane and chromatographed on Silica gel 40 
(C&Cl2 as eknt) to give 0.34 g (79%) of 2-(3-penta- 
fluorothioperfluoropropyl)-5*(3,3,3-trinitropropyl)- 
1,3+oxadiazole, mp 54’156’ C.; IH NMR (acetone-d& 
3.83 (m, 2H), 4.23 (m, 2H). IR (KBr): 1605 (IQ). 
1235-1140 (CF), 910-795 (SF& Anal CaIcd. for 
C8H4Fj lNj@s: c, 18.36: fi, 0.71; F, 39.94; N, 13-38; S, 
6.13. Found: C, 18.34; H, 0.74; F, 37.55; N, 13.35; S, 6.16 

EXAMPLE 5 

N-(3~Pentafluorothioperfluoropropionyl)-N’-14,4,4- 
trinitrobutyryl)hydrazine (2A) 

To 0.85 g (0.0035 mole) of 4,4,&rinitrobutyryl chlo- 
ride in 2’5 ml of ditthyl ether stirred at 25” C. was added 
1 .Q g (0.0035 mole) of N-(3-pentafluorothioprfluoro- 
propionyl)hydrazine followed by the dropwise addition 
of 0.35 ml (0.004 mole) of pyridine After 10 minutes, 
dilute hydrochlotic acid (i0 ml) was added and the 
ether layer was separated and dried (Na2SO4) before 
the volatiles were removed to give a solid residue. Stir- 
ring the solid with water gave 1.68 g (98%) of insoluble 
solid, mp 167”-17 1 a C. Crvstalhzation from 1,2- 
dichloroethane gave 1.30 g of N-(j-penta~uorothjoper- 
fluoropropionyl)-N’-(4,4,4-trin.itrobutyryl)hydr~ine, 
mp 177’478” C. dec. 

EXAMPLE 6 

2-(2-Pentafluorothioperfiuoroethyl)-5-(3,3,3-tnnitro- 
propyl)- Z ,3,4-oxadiazole (2) 

A mixture of 0.8 g (0.0016 mole) of N-(3-pentafluoro- 
thioperfluoropropion~~}a~‘-(4.4,4-trinitrobutyryl)hy- 
drazine, 1.1 g (0.005 mole) of phosphorus pentachloride 
and 10 ml of 1.2-dichloroethane was held at reflux tem- 
perature for 4.5 hours before it was cooled and washed 
with water. The volatiles were removed to give a resi- 
due (0.78 g) which was chromatographed on Silica ael 
40 (CH2C12 as eluent) to give 0.57 g (74% 5 of 2-(2-penlta- 
fluorothioethvl)-5-(3,3.3-trinitropro~~l~-’I .3.4- I 
oxadiazole, mp 54”-55” C. Anal. Cal&. for 
C7H4F&07S: C, 17.77; I-I. 0.85; F, 36.14: 1\1’, 14.80; S, 
6.77, Found: C, 17.85: l-i, 0.8:: F, 36.10. K, 14.70: s, 
6.46. 
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EXAMPLE 7 

N+Pentafluorothioperff uorobutyryl)-N’-(49fluoro- 
4,4-dinitrobutyryl)hydrazine (3A) 

A mixture of 0.4 g (0.0018 mole) of 4-fluoro-4,4-dini- 5 

trobutyryl chloride and 0.5 g (0.0015 mole) of N+pen- 
tafluorothioperfluorobrrtyry~)hydrazine in 15 ml of di- 
ethyl ether was stirred at 25” C. while 0.2 ml (0.0025 
mole) of pyridine was added dropwise, Dilute hydra- 10 
chloric acid was added, the ether layer was separated 
and dtied (NazSU4) and the voktiks were removed to 
give a solid that was washed with water and crystal- 
lized from 1,2-dichloroethane to yield 0.45 g (59%) of 
N-(4-pentafluorothioperfluorobutyryl)-N’-(44-fluoro- Is 
+dinitrobutyryl)hydrazine, mp 121”-122’ C. 

EXAMPLE 8 

dinitropropyl‘)- 1,3+oxadiazole (3) 20 
A mixture containing 1,2-dichloroethane (5 ml), (4- 

pentafluorothioperfluorobutyryl)-N’-(4-fluoro~,4--dini- 
trobutyryl)hydrazine (0.38 g, 0.77 mmole) and phospho- 
rus pentachloride (0.6 g, 2.88 mmole) was held at reflux 
temperature for 4.5 hours before the solution was 25 
cooled and washed with water. Removal of voiatiks 
gave a residue which was chrsmatographed (Silica gel 
40, CH2Cf2 as ehent) to yield 0.18 g (50%) of 20(31pen- 
tafluorothioperfluoropropyl)-5-(3-fluoro-3,3-dinitrog 
propyl)-1,3,4-oxadiazok, mp 36’-37’ C. Anal. Calcd. 30 
for C$i.$F~2N&S: C, 19.36; H, 0.81; F, 45.95; N, 11.29; 
S. 6.46. Found C, 19.35; H, 0.83; F? G-61; N, 11.41; S, 
6.44. 

EXAMPLE 9 35 
N-(3-Pentafluorothioperfluoropropionyl)-N’-(4-fluoro- 

4,4-dinitrobutyryl)hydrazine (4A) 
To a mixture of 0.65 g (0.003 mole) of 4-fluoro-4,4- 

dinitrobutyryl chloride and 0.85 g (0.003 mole) of N-(3- 3o 
pentafluorothioperfluoropropionyl)hydrazine in 25 ml 
of diethyl ether stirred at 25’ C. was added 0.3 ml 
(0.0038 mole) of pyridine dropwise. After 10 minutes, 
10 ml of dilute hydrochloric acid (IO%) was added and 
the ether layer was,separated and dried (Na~S04). .Re- 45 
moval of volatiles gave a residue which was stirred with 
water to yield I.25 g (90%) of insoluble solid, mp 
I55 ‘II 162’ C. Crystallization from 1,2-dichloroethane 
gave 0.92 g (66%) of N-(3-pentafluorothioperfluoropro- 
pionyl)-N’-(4-fIuoro-4,4-dinitrobutyryl)hydrazine~ mp s0 
165”~167” c. 

EXAMPLE 10 
2-(2-PentafluorothioperfIuoroethyl)-5-(3-fluoro-3,3- 

dinitropropyl)- I ,3,4-oxadiazole (4) 55 
A mixture of 0.8 g (0.0017 mole) of N-(3-pentafluoro- 

thioperfluoropropionyl)-N-(40fluoro4,4-dini- 
trobutyryl)hydrazine, 1,1 g (O.W5 mole) of phosphorus 
pentachloride and 10 ml of 1,2-dichloroethane was held 
at reflux for 4.5 hours. The mixture was cooled, washed 60 
with water and ahe volatiles removed to give a residue 
which was chromatographed on Silica gel 40 (CH2CIz 
as eluent) to give OS5 g (72%) of 2-(2-pentaf’luorothj- 
uperfluoroeth~l)-‘-(3-fluoro-3.3-dinitropropyl)-l,3,4- 
oxadiazole, mp 22”-23” C.; 1I-i NMR (CDC13): 3.38 (m), 65 
3.U (m). Anal Calcd. for C~W~FJ~N&~S: C, 18.84; H, 
0.90; K, 12.56; F, 42.58; S, 7.19. Found: C, 18.95; H, 
W4; N. 12.74; F. 36.74: S, 6.58. 

EXAMPLE 1 I 

N-(4-PentafIuorothioperfluorobutyryl)-h:’-(penta- 
fluorothioacet~~)hydrazine (5A) 

To N+pentafluorothioperfluorobutyrvl)hydrzine 
(1 .O g, 0.003 mole) stirred in 30 ml of diethvi ether at 25’ 
C. was added pentafluorothioacetyl chlkde (0.75 .g, 
0.0036 mole) followed by 0.4 ml (0.005 mole) of pyri- 
dine (dropwise), After 10 minutes, 10 ml of 10% hydro- 
chloric acid was added and the ether layer was sepa- 
rated, dried (Na;lSO4) and the volatiles were removed. 
The solid residue was washed with water and then 
crystallized twice from 1,2dichloroethane to give 0.93 
g (62%) of N-(+ntafluorothioperfluorobutyryl)-N’- 
(pentafluorothioacetyl)hydrazine, mp 11 SO-1 17” C.; %I 
NMR (acetone-&): 4.76 (pentuplet); IR (KBr): 3280 
(NH), 1355, 1710, 1670 (m), 1240-1155 (CF), 
930-790 (SF5). 

EXAMPLE 12 

2-(3-Pentafluorothioperfluoropropyl)-5-(pentafluoro- 
thiomethyl)- 1,3+oxadiatole (5) 

Phosphorus oxychloride (5 ml) containing 0.5 g 
(0.001 mole) of N-(Cpentafluorothioperfluorobutyryl)- 
N’-(pentafluorothioacetyI)hydrazine was held at rcflux 
for 4.5 hours before the mixture was cooled and poured 
into water tu give 0.4 g (83%) of solid, mp 40”-L42” C. 
Chromatography on Silica gel 40 (CH2Cll as eluent) 
gave purified Z-(3-pentafluorothioperfluoropropyl)-5- 
@ent.afluorathiomethy~)-1,3,4-oxadiazole, mp 4T-44” 
c. 

Anal Calcd for C&F1&0S2: C, 14.82; Ii? 0.41; F, 
62.52; ht, 5.76; S, 13.19. Found: C, 14.76; H, <O-5; F, 
62.23; M, 5.90; s, 2.67. 

EXAMPLE I3 
2 

N-(3-PentafluorothioperfIuoropropionpl)-N’-(penta- 
fluorothioacetyl)hydrazine @A) 

To a mixture containing 0.90 g (0.003 1 mole) of N-(3- 
pentafIuorothioperfIuorapropionyl)hydrazine and 0.7 g 
(0.0034 mole) of pentafluorothioacetyl chloride in 25 ml 
of diethyl ether stirred at 25’ C. was added 0.3 ml 
(0.0038 mole) of pyridine dropwise. After 10 minutes, 
dilute hydrochloric acid was added and the ether layer 
was separated and dried (NazS04) before the volatiks 
were removed. The residue was stirred with water and 
then with dichloromethane to give 0.9 g (W%), mp 
147”-253” C. Crystallization from 1,2-dichloroethane 
gave 0.75 g of N-(3-pentafluorothioperfluoropro- 
pionyl)-N’-(gentafluorothioacetyl)hydrazine, mP 
152*-153’ C.; &I NMR (acetone-dg): 4.77 (pentuplet). 

EXAMPLE 14 
2-(2-Pentafluorothioperfluoroethyl)-5-(pentafluorothi- 

omethyl)- 1,3,4-oxadiazole (6) 
A mixture of 0.50 g (O.Wl I mole) of N-@-penta- 

fluorothio perfiuoropropionyl)-~‘-(pentafluoroacetyll- 
hydrazine and 5 ml of phosphorus oxychloride was held 
at refIux temperature for 4.5 hours before it was cooled 
and poured onto ice to give an insoIubk liquid. The 
liquid was extracted into dichlorom~:hane and chro- 
matographed on Silica gel 40 (CH$12 as eluent) to give 
0.35 g (73%) of 2-(2-penrafluorothioperfluoroethyl)-5- 
@entafIuorothiomethyl)-1,3,4-oxadiazole, mp 27”~29” 
C.; 1H NMR (acetone-d& 590 (pentuplet). 
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Anal. Calcd. for &H#14N20$: C, 13.77; H, 0.46; F, 
6U,98; N, 6.42; S, /4:?0. Found: C, 13.94; H, <US; F, 
60.30; N, 6.48; S, 14.25. 

EXAMPLE 14 

N-(Pentafluorothioacetyl)-N’-(4,4,4-trinitrobutyryl)hy- 
drazine (7A) 

P 

A solutiun containing 4.0 g (0.02 mole) of methyl 
pentafluorothioacetate and 0.66 g (0.02 mole) of hydra- 
zinc (95% minimum) :n methanol (17 ml) was stirred at 
0’ C. for 1 hour. It was then held at room temperafure 
for 2.5 hours until the solution was only slightly basic to 
damp pH paper. (Gas evolution occurred during the 
reaction period). An insoluble solid (0.4 g) was removed 
before the volatiles were evaporated under reduced 
pressure to give a liquid residue. The amount of 
SF5CH2C(O)NHNH2 in the residue was small as deter- 
mined by 1H NMR (pentuplet at 4.35 ppm in CDC13) 
and a low yield was indicated. To a stirred solution of 
the residue in 30 ml of diethyl ether was added 2.0 g 
(0.0083 mole) of 4,4,4trinitrobutyryl chloride in 8 ml of 
dichIoromethane followed by the dropwise addition of 
pyridine until the solution was no longer acidic to damp 
pH paper. Dilute hvdrochlork acid was added and the 
organic layer was kparated and dried (Na#&). Re- 
muval of volatiles gave 2.8 g which was stirred with 
dilute aqueous sodium bicarbonate to @ve an insoluble 
solid (I .75 g). Crystallization of the solid from dichloro- 
methane gave 1.25 g (15%) of N-fpentafluorothi- 
oacet yl)-N’-(4,4,4+initrobutyryl)hydrazine? mP 
176’-177’ C. dec., ‘H NMR (acetone-d& 2.93 (t, 2W), 
3.83 (t, 2H), 4.72 (pentuplet. 2H). IR (KBR): 3230 (KH). 
1710, W-0 (c=o), 2605 (NUz), 900-800 (SF5). 

Anal. Calcd for C6H8FSNfi08: C, 17.78; I-l, 1.99; F, 
23.44; N, 17.28; S, 7.91. Found: C, 17.91; H, 1.97; F, 
23.27; N, 17.47; S, 8.42. 

EXAMPLE 16 

2-(Pentafluorothiomethyl)-5-(3,3,3-trinittoprop~l)- 
1,3+oxadiazole (7) 

A mixture of 0.10 g (0.247 mmole) of N-(pentafluoro- 
thioacet!ll)-lr:‘-(4.4,4-trinitrobutyryl)hvdrazine and 1.5 
ml of phosphorus oxychloride was held at reflux tem- 
perature for 4 hours before it u!as cooled and poured 
into water to give 0.07 g of solid? mp 66’~69’ C Crystal- 
lization from dichloromethane-hexanes (Silica gel 60 
used to remove sume brown color) gave 0.05 g (52%) of 
2-pentafluorathiomethyl-5-(3,3,3-trinitropropyl)- 1,3,4- 
oxadiazole, mp 72”-73” C. 1H NMR (acetone-d& 3.30 
(m, 2H), 4.20 (m, 2H), 5.63 (pentuplet, 2H). IR (KBr): 
1620-l 595 (N@), 895-805 (SF5). 

Anal Calcd. for C&F$V@TS; C, 18-61; Ii, 1.56; F, 
24.53; N, 18.09; S, 8.28. Found C, 18.71; W, 1.57; F, 
22.63; N, 17.50; S, 8.76. 

An attempt to prepare 2-pent.afluorothionethyl+ 
(3,3,3-trinitropropyl)-1.3,4-oxadiazole using phospho- 
rus pentachloride in 1,2-dichloroethane (similar to ex- 
amp& 4 and 6) gave instead the dichloride compound, 
SFTCH~C(CI)=N-~--~(CI)CH~CII:~C(~U~)~. mp 
35;“~37” C. 4-i NMR (acetone-&) 3.52 (m, Z-If. 4.10 (m. 
2H). 5.28 (pentuplet,‘2H). 

Anal. Calcd. for C~W&I~FI$~&: c, 16.30; H, 1.37; 
F, 21.39; N, 15.84; S. 7.25. Found: C, 16.82; H, 1.55; F, 
18.96; N, 16.09; S! 7.23. 
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EXAMPLE 17 

N-(Pentanuorothioacet~l)-N’-~erfluorobutyryl)hydra- 
zins (9A) 

A mixture of 1,l g (0.0054 mole) of pentafluorothioa- 
cetyl chloride and 1.1 g (0.0048 mole) of N-(per- 
fluorobutyryl) hydrazinc in 30 ml of diethy] ether was 
stirred at 25” C. during the dropwise addition of 0.5 ml 
(0.006 mole) of pyridine. After 5 minutes, dilute hydro- 
chloric acid was added and the ether layer was sepa- 
rated and dried (Na2SG). Removal of volatiles and 
stirring the residue with water gave 1.9 g of solid (mp 
WY-145” C.), which was crystallized from 1,2- 
dichloroethane to yield 1.3 g (68%) of N-(pentafiuoro- 
thioacetyl)-N’-(perRuorabutyryl)hydrazine, v 
158”-159” C.; IH NMR (acetone-dg): 4.78 Ipentuplet). 

EXAMPLE 18 

2-(Pentafluorothiomethyl)-5-(perfluoropropyl)-1,3,4, 
oxadiazole (9) 

TO 10 ml of phosphorus oxychloride was added 1 .O g 
(0.0025 mole) of N-@entafluorothioacetyl)-N’-(germ 
fluorobutyryl)hydrazine and the mixture was heId at 
reflux temperature for 4 hours before it was cooled and 
poured into water to give an insoluble oil. The oil wzcs 

extracted into methylene chloride and chromato- 
graphed on Silica gel. 40 (C&C12 as eluent) to give 0.5 
g (53%) of a-(pentafluorothiomethyl)-5-eerfluoro- 
propyl)- 1,3,4=oxadiazole. mp 28” C. 

Anal C&d. for C&I~FI~N~~S: C, 19.06: H, 0.53; F, 
60.29; N, 7.41; S, 8.48. Found C, 18.62; I-I, 0.73; F? 60.12; 
N, 7.70; s, 7.64. 

EXAMPLE 19 
N,N’-Bis(pentafluorothioacetyl)hydratine 

Hydrazine (0.67 g? 0.02 mole) in methanol (5 ml) was 
stirred in a dry ice&acetone bath while pentafluorothioa- 
cetyl chloride (1.8 g, U,oOSS mole) in ether (3 ml) was 
added dropwise. After 15 minutes at 0” C., the mixture 
was poured into water and the insoluble material (0,35 
g! mp 271” C. d ec was removed. An additional 0.7 g, ) 
mp 270” C. dec was recovered bq’ concentrating the 
ether solution. Total yield of N,N’-bis(pentafluorothi- 
oacetyl)hydrazine is 1.05 g (46%); &I NMR (acetone- 
d6): 4.78 Cpentuplet); IR W3r): 3190 (NH). 1635 

- (Cdl), 89%825 (SF5). 

EXAMPLE 20 
2,5-Bis(pentafluorothiomethyl)- I,3 +oxadiazole 

N,N’-Bis(pent&luorothioaceryI)hydrazine (0.34 g, 
0.92 mmole) in 2.5 ml of phosphorus oxychloride was 
held at reflux for 4 hours &fore the solution was cooled 
and poured into water to give 0.30 g (94%) of 2,5-bis(- 
pentafluorothi-omethyl)~ I !3,4-oxadiazole, mp 327*-l 30” 
C. Crystallization from dichloromethane gave crystals, 
mp 128”-130” C. IH NMR (acetone&) 5.54 @entuplet); 
IR (KBr): 905-U 5 (SF5). 

Anal. Calcd for C&I~FION~OS~: C, 3 3.72; H, 1. S 5; F, 
54.25; N, 8.00; S, 18.3 1. Found: C, 13.55; H. 1.13; F, 
48.66; N. 8.10; S, 18.19. 

Numerous other modifications and variafjons of the 
present invention are possible in light of the foregoing 
teachings. It is therefare IG be undusrood 0x11 within 
the scope of the appended claims the invention may be 
practiced otheruk than as specifically described. 

What is claimed is: 
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1. A 1,3,4-oxadiazole that is 
2-C3-pentafluorothioperfluoroprapyl)-5-(3,3,3-~~nitro- 

propyl)-l,3,4-oxadiazole, 
2-(2-pentafluorothioperfluoroethy~)-5-(3,3,3-trinitro- 

propyl)- 1,3,4-oxadiazole, 5 
2-(3-pentafluorothioperfluoropropyl)-5-(3-~uuru-3,3- 

dinitropropyI)- I ,3.4-oxadiazole, 
2-I2-petafluorothioperfluoroethyl)-5-(3-flu~ro-3,3-d~ni- 

tropropyl)-1,3+oxadiazole, 
2-(3-pentafluorothioperfluoropropyl)-5-@entafluoro- 10 

thiomethylb- lJ+oxadiazole, 
2-(2-pentafluorothioperfluoroet~yl)-S-@entafluorothi- 

omethyl)- 1,3,4-oxadiazole, 
2-(pentafluoruthiomethyl)-5-(3,3,3-trinitr~pr~pyl)- 

1,3,4-oxadiazole, 15 
2-(pentafluorothiomethyl)-5-(3-fluoro-3,3dinitro- 

propvlb 1.3,4-oxadiazole, 
2-(pentafluorothiomethyi)-5-(perfluoropropyi)- 1,3,4- 

oxadiazok, 
2-(pentafluorothiomethy~)~5-(perfluoroeth~~)- 1,3,4- or 20 
2-(pentafiuorothiomethyl)-5-(trifiuoromerhyl)- 1,3,4- 

oxadiazole. 
2. The 1,3,4-oxadiazole of claim I that is 2-(3-penta- 

fluorothioperfiuoropro~y~)D5-~3,3,3-trinjtropropy~)g 
1,3,4-oxadiazole, 25 
2-(?-pentafluarothioperfluoroethyl)-5-(3,3,3-t~njtru- 

propyl)- 1,3,4=oxadiazole, 

14 
2-(3-pentafluorothiolperfluoropropvl)-5-(3-fluoro-3.3- 

dinitropropyl)- 1,3,4-oxadiazole, 
2-(2-pentafluorothioper~u~r~e~hyl)-5-(3-fluoro-3?!- 

dinitropropyl)- 1,3,4-oxadiazole, 
2-(pentafluorortriometh yl)- 5-( 3,3, binirroprop yl)- 

1,3,4-oxadiazole, or 
2-(pentafluorothiometh~~)~~-(3-fluoro-3,~~d~nj~ro- 

propyl)- 1,3+oxadiazole. 
3. The 1,3,4-oxadiazole of claim 2 which is 2-(Spenta- 

fluorothioperfluoropropyl)-5-(3,3,3-trinitropropyl)- 
1,3,4-oxadiazole. 

4. The 1,3?4-oxadiazole of claim 2 which is 2-(2-penta- 
fluorothioethyl)-5-(3,3,3-trinitropropyI)- 1,3,4- 
oxadiazole. 

5. The 1,3,4-oxadiazole of claim 2 which is 21(3-penta- 
fluorothioperfluoropropyl)-5-(3-fluoro-3,3dinitro- 
prop yl)- 1,3 t4-oxadiazole. 

6. The 1,3+oxadiazole of claim 2 which is 2-(Spenta- 
fluorothjoperfluoroethyl)-5-(3-fluor~-3,3dinitro- 
propyl)-1,3,4-oxadiazole. 

7. The 1,3,4-oxadiazole of claim 2 which is 2-(penta- 
fluarothiomethyl)~5-(3,3,3bnitropropgl)- 1,3,4- 
oxadiazoIe. 

8. The 1,3,4-oxadiazole of claim 2 which is 2-(penta- 
fluorothiomethyl).5-(30fluoro-3,3-dinitropropyl j- 1,3,4- 
oxadiazok. 
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